We conducted a retrospective study among 4,734 women who served in the US military in Vietnam (Vietnam cohort), 2,062 women who served in countries near Vietnam (near-Vietnam cohort), and 5,313 nondeployed US military women (US cohort) to evaluate the associations of mortality outcomes with Vietnam War service. Veterans were identified from military records and followed for 40 years through December 31, 2010. Information on underlying causes of death was obtained from death certificates and the National Death Index. Based on 2,743 deaths, all 3 veteran cohorts had lower mortality risk from all causes combined and from several major causes, such as diabetes mellitus, heart disease, chronic obstructive pulmonary disease, and nervous system disease relative to comparable US women. However, excess deaths from motor vehicle accidents were observed in the Vietnam cohort (standardized mortality ratio = 3.67, 95% confidence interval (CI): 2.30, 5.56) and in the US cohort (standardized mortality ratio = 1.91, 95% CI: 1.02, 3.27). More than two-thirds of women in the study were military nurses. Nurses in the Vietnam cohort had a 2-fold higher risk of pancreatic cancer death (adjusted relative risk = 2.07, 95% CI: 1.00, 4.25) and an almost 5-fold higher risk of brain cancer death compared with nurses in the US cohort (adjusted relative risk = 4.61, 95% CI: 1.27, 16.83). Findings of all-cause and motor vehicle accident deaths among female Vietnam veterans were consistent with patterns of postwar mortality risk among other war veterans.
Four decades ago, the last US combat troops left Vietnam. Approximately 3 million US veterans served in the Vietnam
War from 1965 to 1973. Numerous studies of veterans' health have been conducted since then to address concerns about the long-term health consequences of wartime military service in Vietnam (1) . However, there has been little attention to the health of the estimated 5,000-11,000 women deployed to Vietnam (2) (3) (4) .
Although female Vietnam veterans were not involved in applying herbicides or engaged in direct combat, other environmental exposures in Vietnam could be a particular concern for women. Most prominent are the physical and psychological stresses associated with military nursing (5-7) for the 80% of women deployed to Vietnam who served as nurses (4, 8) . Many of them volunteered for a Vietnam assignment within 1 year of enlisting in the military (9) and were relatively new to handling combat casualties in large numbers under difficult working conditions (4, 5, (10) (11) (12) . Another major stressor was sexual trauma experienced during deployment in Vietnam (9) , which can have adverse health consequences (13) . Other potential environmental hazards include exposure to infectious agents endemic to Southeast Asia, pesticides used to control vectors around military installations, herbicides used in defoliation operations, waste anesthetic gases, and ethylene oxide gas used to sterilize medical equipment and supplies (5, 9, 11, 14) .
A US Department of Veterans Affairs (VA) mortality study and 2 subsequent updates compared cause-specific mortality risks of female Vietnam veterans with those who served primarily in the United States. The initial study followed the vital status of these 2 cohorts of female veterans through 1987 (8) with updates in 1991 (15) and 2004 (16) . All-cause mortality risks were lower among female veterans relative to comparable US women (8, 15, 16) , and the risks of death from accidents (8, 16) and pancreatic cancer were consistently associated with service in Vietnam, especially in military nursing occupations (8, 15, 16) .
In 2011, we initiated a comprehensive, population-based health study of these female Vietnam era veterans, who are now in their sixties or early seventies. This study, the Health of Vietnam Era Veteran Women's Study (herein, HealthViEWS), evaluated the mental and physical health of female US military personnel who served during the Vietnam War period regardless of whether they received healthcare from the VA or elsewhere. As a major aim of HealthViEWS, the present mortality study evaluates cause-specific mortality risk for 3 cohorts of military women-those who served in Vietnam, those who served in countries near Vietnam, and those who served primarily in the United States. The current assessment supplements the earlier published studies (8, 15, 16) by adding another military cohort (women who served in countries near Vietnam) and by extending the follow-up period for an additional 6 years. The objectives of the study were 1) to determine the cause-specific mortality risk from physical health conditions examined in HealthViEWS, 2) to evaluate the consistency of mortality risk patterns with those established in earlier published findings (8, 15, 16) , and 3) to consider the association of female veterans' service in countries near Vietnam with subsequent mortality risk.
METHODS

Military cohort identification
There is no official military roster of all women who served in Vietnam during the Vietnam War. Army women included in the study were identified manually from the morning report records (daily history of movements or personnel changes for a company, troop, or other part of the military organizational structure) of personnel assigned to army hospital and support units stationed in Vietnam. Air force women were identified from a computerized personnel file maintained by the Air Force Human Resources Laboratory at Brooks Air Force Base (San Antonio, Texas). Navy women were identified by manually reviewing names of all personnel listed on the muster rolls of 2 hospital ships and a navy facility in Vietnam (14) . The US Marine Corps headquarters provided listings of the few dozen women assigned to Vietnam. Two comparison cohorts of women who served near Vietnam and in the United States were selected in a manner similar to that used in selecting the Vietnam cohort.
To March 28, 1973 , the dates of US military combat involvement in the Vietnam War. Data abstracted from military personnel records included the following: 1) identifying information (name, social security number, military service number, and date of birth); 2) demographic information (sex and race); and 3) military service information (dates of military service, branch of service, rank, and military occupational code) and for each overseas tour of duty, the beginning and ending dates of the tour, country of the tour, unit assignment, and principal duty.
Vital status determination
Vital status on December 31, 2010, was determined for the cohorts by using multiple sources, including the VA Beneficiary Identification and Records Locator Subsystem Death File, the Social Security Administration Death Master File, and the National Center for Health Statistics National Death Index (NDI). We obtained underlying cause-of-death information for those who died on or before December 31, 1991, from official death certificates. Underlying causes of these deaths were assigned by a qualified nosologist according to the rules of the revision in effect at the time of death using the rubrics of the International Classification of Diseases, Eighth Revision (17), or the International Classification of Diseases, Ninth Revision (18) .
For deaths occurring on or after January 1, 1992, and for the new group of women added to the current study, causeof-death information was obtained from the NDI Plus. NDI Plus is a service available since 1997, in which the National Center for Health Statistics provides cause-of-death codes by underlying cause and other contributing causes using the International Classification of Diseases, Ninth Revision, or the International Classification of Diseases, Tenth Revision (18-21). The mortality outcomes of interest were selected because they are either integral to the HealthViEWS research aims, reported in excess among male Vietnam veterans (22) (23) (24) (25) (26) (27) , or associated with military service in general (28) .
Statistical analysis
Crude mortality rates were computed by dividing the observed number of deaths obtained for each cause-of-death category by person-years at risk of dying per 10,000 persons. Person-years at risk of dying were counted beginning at discharge or March 28, 1973 (29) was used to obtain standardized mortality ratios (SMRs) and 95% confidence intervals for each cause-of-death category. The SMR is the ratio of observed deaths to expected deaths calculated from the mortality rates for the general population of US women (referent population) adjusted for race, age, and calendar period. Because there was no default option for "all external causes," the SMRs and 95% confidence intervals were computed using Breslow's method (30) .
Multivariable Cox proportional hazards regression was used to obtain adjusted relative risks and 95% confidence intervals for each cause-of-death category to estimate the mortality risk of either the Vietnam cohort or near-Vietnam cohort relative to the US cohort (controlling for age, race, military service duration, officer status, and nursing status). Covariates were selected on the basis of prior research and univariate analyses using the LIFETEST and PHREG procedures in SAS/Stat, version 9.3, software (31) . To check for confounding, we tested 2-way interaction terms based on the 6 predictors. None was found to be statistically significant. A test of the proportionality assumption indicated, however, that significant interactions of time (number of days of follow-up) with 1 or more of the independent variables existed, and these interactions were added to the regression models (32, 33) . Analyses were repeated for nurses, because nurses constituted a large percentage of women in the study (almost two-thirds), and they may have experienced unique exposures in military health care settings located in the combat theater (5, 9-11).
Except for the Life Table Analysis System software output, the estimates and procedures described in this paper were generated by using SAS software, version 9.3 (31). Twotailed statistical tests were conducted. Any SMRs and adjusted relative risks for which 95% confidence intervals did not include 1.00 were considered statistically significant. This study was approved by the central institutional review board of the VA.
RESULTS
Nearly 23% of the 12,109 veterans were deceased by December 31, 2010, and this percentage varied little among the 3 cohorts (Table 1) Demographic and military characteristics by deployment status are presented in Table 2 . The average age of the women in 2010 was 71 years, and their mean age at entry into follow-up was 31 years. The percentage of women who were nurses was highest for the Vietnam cohort (80%). The duration of military service was comparable across the 3 cohorts.
Cause-specific SMRs are presented in Table 3 . All-cause SMRs were significantly lower than expected in the Vietnam cohort (SMR = 0.85, 95% CI: 0.80, 0.91) and near-Vietnam cohort (SMR = 0.89, 95% CI: 0.81, 0.97), whereas the allcause SMR for the US cohort was not significantly different from the expected. These lower mortality rates for all causes were in part due to lower mortality rates observed for many major diseases in the Vietnam and near-Vietnam veteran cohorts. These included lower-than-expected mortality rates from diabetes mellitus, heart disease, other circulatory diseases, and nervous system diseases.
Despite the overall favorable SMRs for female veterans, excess deaths (compared with the general population of US women) were seen for several conditions (Table 3) . Deaths from brain and pancreatic cancers were higher in the Vietnam cohort, but not significantly so. For external causes, significantly more deaths from motor vehicle accidents were found for the Vietnam cohort (SMR = 3.67, 95% CI: 2.30, 5.56) and the US cohort (SMR = 1.91, 95% CI: 1.02, 3.27).
The adjusted relative risks for specific causes of death are presented in Table 4 for the Vietnam and near-Vietnam cohorts compared with the US cohort. Table 5 repeats this analysis for military nurses. All-cause mortality risks for each of the deployed cohorts were lower than that for the US cohort, and this difference was statistically significant for the Vietnam cohort (Table 4 ). The risk of death from all cancers combined was not significantly elevated in the 2 deployed cohorts, with the following exceptions: nonsignificant elevations for pancreatic cancer (adjusted relative risk (RR) = 1.74, 95% CI: 0.97, 3.14) and brain and other central nervous system malignancies (adjusted RR = 2.27, 95% CI: 0.91, 5.65) in the Vietnam cohort. The majority of the deaths from these cancers occurred in nurses (Table 5) , and the risks for nurses in the Vietnam cohort were marginally higher for pancreatic cancer (adjusted RR = 2.07, 95% CI: 1.00, 4.25) and significantly higher for brain cancer (adjusted RR = 4.61, 95% CI: 1.27, 16.83) relative to those of nurses in the US cohort.
For diseases other than these cancers, the mortality risks were generally lower for most major disease categories in the Vietnam cohort. The risk of death from heart disease was significantly lower for the 2 deployed cohorts relative to the US cohort (Table 4) . Similar results were observed among nurses (Table 5 ). There was significant excess risk of death from motor vehicle accidents in the Vietnam cohort (adjusted RR = 2.29, 95% CI: 1.11, 4.71) (Table 4) , and this risk was even higher for nurses in the Vietnam cohort (adjusted RR = 3.09, 95% CI: 1.12, 8.52) ( Table 5) . Although a slight excess risk of suicide was observed for all 3 veteran cohorts compared with the general population of US women (Table 3) , risks of recorded suicide for the 2 deployed cohorts were not significantly different from that of the nondeployed US cohort (Table 4) .
DISCUSSION
To date, this is one of the most comprehensive studies of mortality risk among female Vietnam era veterans with the longest follow-up period. Moreover, the study used an even more comprehensive list of female Vietnam veterans than reported previously (8, 15, 16) by supplementing our existing list of female veterans with additional sources. The study found lower-than-expected mortality risk from all causes in all 3 veteran cohorts compared with the general population of US women. These findings are consistent with the earlier published VA studies (8, 15, 16) and reaffirm support for the healthy-soldier effect when the overall health of military men and women is compared with that of civilians (8, 15, 34, 35) . A military cohort typically has better survival rates than a comparable segment of the general population because of the initial physical screening for military service, requirements for maintaining a certain fitness standard, and better access to medical care during and after military service. None of the sex-specific cancers (breast, ovarian, uterine, or cervical) was significantly higher among female veterans compared with comparable US women. Moreover, mortality risk from these cancers was not significantly different among the veteran cohorts. However, the risk of pancreatic cancer death was elevated (adjusted RR = 2.07, 95% CI: 1.00, 4.25) among nurses in the Vietnam cohort compared with nurses in the US cohort. Even higher adjusted relative risks were reported in 1995 (adjusted RR = 5.74; 95% CI: 1.22, 27.04) (15) In the current study, mortality risk from cancer of the brain and other parts of the central nervous system for nurses in Observations with missing or inconsistent information on birthdates, dates of death, and separation dates were removed (n = 5). e Ratio of crude mortality rates ((observed deaths / person-years at risk) × 10,000). The total person-years at risk accumulated for the Vietnam cohort, near-Vietnam cohort, and US cohort were 175,141, 74,723, and 196,724, respectively.
f Adjusted relative risks and 95% confidence intervals were estimated based on multivariable Cox proportional hazards regression. Adjusted relative risk was based on a comparison of each of the deployed cohorts with the nondeployed cohort, and missing observations on rank-derived variables were removed.
g The 95% confidence interval does not contain 1. h Includes angina pectoris, myocardial infarction/coronary artery disease, and congestive heart failure. i Includes stroke. j Indicates that there are no estimates when the number of observed deaths equaled 0 for 1 of the cohorts in the comparison. The number of observations is based on proportional hazards regression analysis for nurses only, in which the adjusted relative risk was based on a comparison of each of the deployed cohorts with the nondeployed cohort, and missing observations on rank-derived variables were removed. Also, observations with missing or inconsistent information on birthdate, dates of death, and separation dates were removed (n = 5).
e Ratio of crude mortality rates ((observed deaths / person-years at risk) × 10,000). The total person-years at risk accumulated for nurses in the Vietnam cohort, near-Vietnam cohort, and US cohort were 140,585, 43,423, and 119,090, respectively.
f Adjusted relative risks and 95% confidence intervals were estimated on the basis of multivariable Cox proportional hazards regression. g The 95% confidence interval does not contain 1. h Includes angina pectoris, myocardial infarction/coronary artery disease, and congestive heart failure. i Includes stroke. j Indicates that there are no estimates when the number of observed deaths equaled 0 for 1 of the cohorts in the comparison.
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Am J Epidemiol. 2014;179(6):721-730 could be associated with excess cancer risk. Among the most consistently reported risk factors for pancreatic cancer is cigarette smoking (36). Smoking history was not available in the current study for all women. Cigarette smoking is a known risk factor for respiratory cancer (37) and chronic obstructive pulmonary disease (38) . Were we to suggest that the prevalence of cigarette smoking might be higher among nurses who served in Vietnam, then we would expect to observe higher mortality risk from respiratory cancers and chronic obstructive pulmonary disease among these veterans relative to their peers who served as nurses in the United States. However, there was no significant difference in respiratory cancer or chronic obstructive pulmonary disease mortality risks between these 2 groups. Herbicide exposure is an unlikely explanation for the excess risk for 2 reasons. First, almost no studies of occupational/residential cohorts exposed to phenoxy herbicides or dioxins have found a significant association between herbicide exposure and the risk of pancreatic cancer (39, 40) . Second, although the magnitude and duration of exposure are uncertain for the nurses, considering the length of their tours in Vietnam (generally 1 year) and locations of service (fixed military installations away from known defoliated areas), their cumulative exposure levels were unlikely to have been higher than those of industrial workers who have been occupationally exposed to herbicides for many years.
As with studies of pancreatic cancer, many studies of occupational and residential cohorts exposed to herbicides and dioxin do not support an association between herbicide exposure and brain cancer (39, 40) . Although a 2-fold excess risk of brain cancer was reported in a small cohort study of licensed pesticide applicators (41), a large case-control study of brain cancer (gliomas) among nonmetropolitan residents of 4 upper Midwestern states showed no association between brain cancer and farm pesticide exposure (42) .
During the Vietnam War, malathion was aerially sprayed to control malaria and other mosquito-borne diseases, and ground-level pest control was conducted at most military installations and base camps (11) . Military hospital personnel in the war theater could also have been exposed to ethylene oxide gas (which was used to sterilize medical equipment and supplies), waste anesthetic gases, and formaldehyde. Ethylene oxide and formaldehyde are considered carcinogenic in humans (43) . There are no data available to assess the level of exposure to any of these potential risk factors for each cohort of female veterans in this study. Among anesthetists in the general population, the incidence of cancer was found to be higher than expected for some unusual malignancy types (44) and cancers of the lymphoid and reticuloendothelial tissues (45) . Excess deaths from motor vehicle accidents (46) (47) (48) , suicides (45) (46) (47) 49) , and various cancers (44) (45) (46) (47) have also been reported for civilian nurses.
A significant excess mortality risk from external causes or motor vehicle accidents specifically among female Vietnam veterans relative to comparable US women or female veterans who served in the United States is consistent with findings of the previous studies of the same cohorts (8, 15, 16) and similar to what has been observed in studies of male Vietnam veterans and veterans of other wars (23, 24, 27, 35, 50) . The underlying reasons for the excess risk among war veterans are not well understood.
Several limitations must be considered in the interpretation of the results. First, for the main comparisons between the Vietnam cohort and the US cohort, the study has sufficient statistical power (2-sided α = 0.05; 1 − β = 0.8) to detect a relative risk of 1.1 for all causes combined and 1.5 or greater for most of the causes of death under study (heart disease, respiratory cancer, breast cancer, and motor vehicle accidents). However, for several rare cancers, such as pancreatic cancer and brain cancer, the expected relative risks would have to be above 2 and 3, respectively, to have the same statistical power. Moreover, because of the smaller number of women available for the near-Vietnam cohort, the study would not detect an increased risk for the same 2 cancers unless the expected risks were 3 and 4.5 times higher among the nearVietnam cohort compared with the US cohort. Second, the vital status search was conducted using the following 3 major national databases: the VA Beneficiary Identification and Records Locator Subsystem Death File, the Social Security Administration Death Master File, and the National Center for Health Statistics NDI. Although the NDI has been cited as the "gold standard" of all death files (51), and all 3 data sources have been demonstrated to have relatively high sensitivity, ranging from 83% to 98% (52) , it is possible that some of the women (<5%) who died prior to 1992 could have been missed because of the exclusive use of the VA Beneficiary Identification and Records Locator Subsystem Death File and Social Security Administration Death Master File. Third, our reliance on death certificates (or NDI Plus) rather than medical records for underlying cause-of-death information could have introduced misclassification of some diseases. The agreement between medical records and death certificates has been reported to be good for external causes of death (e.g., motor vehicle accidents), but it may be variable where cancer deaths are concerned (26, 53) . A further possible limitation is the lack of information to assess the level of exposure to potential risk factors for each cohort of female veterans in this study.
In summary, the results suggest that the healthy-soldier effect continues to play a role in contributing to the lifetime health of veterans as a group, and female veterans who were deployed in Vietnam experienced a lower mortality risk compared with female veterans who served in the United States. However, there was excess mortality risk for several conditions associated with Vietnam service. Specifically, the risks of pancreatic cancer and brain cancer were higher among nurses in the Vietnam cohort. Deaths from external causes, and from motor vehicle accidents specifically, were higher among female Vietnam veterans compared with the general population of US women or female veterans who served in the United States, a finding that is consistent with patterns of postwar injury deaths among male Vietnam veterans and veterans of other wars (22, 23, 26, 35, 50) . The finding of increased risk of death from 2 types of cancer among nurses who served in Vietnam needs further follow-up for replication.
